, but it remains to be elucidated how these factors become integrated to produce the precise regulation observed in such organs as the brain and heart. Therefore, the models proposed may not be simple; they are complicated by the fact that these variables are interdependent. This is probably the reason for the controversy regarding the proposal that H+ is the sole controlling factor for brain blood flow regulation (2, 7, 12, 31, 46) .
To further complicate the situation, adenosine has recently been suggested as a factor involved in the regulation of brain blood flow (6). The anesthetized rats were tracheotomized and the skin and muscles of the skull were surgically removed. Windows of about 6 x 9 mm were cut in the skull on each side of the midline and the dura was left intact.
In all animals ventilation was maintained with a small-animal respirator pump adjusted to a tidal volume of 5 ml and a rate of 60/min.
In some experiments the rate was increased to lOO/min. In the animals initially anesthetized with ether, the experimental period was initiated 60 min after induction of ether anesthesia.
In some experiments the brain was stimulated electrically by placing a pair of electrodes on the surface of the dura approximately above both the right and left motor cortex. Stimulation consisted of square-wave pulses of 5-10 V, 3 ms in duration, and at frequencies ranging between X5 and 60 Hz. In most experiments the electrodes were made of two platinum plates (3 x 5 mm). Variation in arterial Po2 and arterial Pc02 were produced by respiring the animals with different gas mixtures. When arterial POT was varied, the different ventilating gas mixtures contained 29.7, 2 1, 10.7, and 5.5 % 0 2, with the difference made up with Na. When arterial Pco 2 was varied, the different ventilating gas mixtures contained 0, 10, and 20.6 % Cog; 02 was maintained at about 20% and the difference was made up with NT. Variation in arterial pressure was produced by bleeding the animal. To accomplish this, heparin was administered, the lower segment of the abdominal aorta was cannulated, and the cannufa was connected to a mercury manometer and to a Z-ml syringe. The blood pressure was adjusted to the desired level by bleeding the animal into the syringe 35). For the CAMP assay, aliquots of the neutralized acid extracts were placed on 8-cm columns of AGl-X2 (BioRad) ion-exchange resin. The columns were eluted with 30 ml of Hz0 followed by 30 ml of HCl at pH 2*4. Cyclic AMP was eluted with 30 ml of HCl at pH 2.0. No ATP, ADP, or AMP was detected in the pH-2 eluate (8). After drying, the samples were resuspended in 0.4 ml of 100 mM sodiuln acetate (pH 4). Aliquots of 10 and 20 ~1 were assayed in triplicate by the protein-binding method of Gilman (13 increased lactate and pyruvate (I' < .Ol), whereas a reduction of these levels was produced by adding 10 c/cl COT to the ventilating gas mixture (Fig. 4B) . I-lowever, in contrast to the levels of adenosine (Fig. 3) , further increase in Pc02 of the ventilating gas to 20.6% did not reduce lactate and pyruvate levels further (Fig. 4B) . In the group of animals in which CO2 was changed, the lactate-topyruvate ratio also remained constant, and this ratio was not significantly different from that obtained when PO:! was varied.
Correlation between adenosina and CAMP levels. The increase in adenosine levels associated with lowering the arterial Paz correlated (r = 0.63, n = 26, P < .Ol) with brain CAMP levels (Fig. 5) Correlation between udenosine and 5'-udenosine monophosphate. The changes in adenosine levels paralleled changes in 5'-AMP when either arterial pressure, Po2, Pco~, or the rate of brain stimulation was varied in two groups of experiments (Fig. 6 , r = 0.90, n = 150, P < -01). In one group, arterial pressure, rate of electrical stimulation, or POT was changed and in the other group only arterial PO 2 or Pco 2 was changed.
Calculation of the regression lines for both groups yielded two lines that were not significantly different from each other. Therefore, the results were combined (broken line, Fig. 6 ). This empirical relation shows that a 7.1 nmol/g change in 5'-AMP is paralleled by a chan,ge of I, nmoljg of adenosine. and that the release is blocked by tetrodotoxin. These observations suggest that the production of adenosine is associated with membrane depolarization, specifically, in this case, the generation of neuronal action potentials. Nature of intrinsic control of cerebral blood flow. The exact mechanism(s) responsible for the regulation of cerebral blood flow is unknown and its causal nature is a matter of controversy (2, 7, 12, 25, 3 1, 46) . It has been proposed that the H+ in the extracellular fluid is the sole agent mediating cerebral blood flow regulation (7, 46) and that lactate may constitute the main H+ donor (23). On the one hand, changes in cerebral blood flow brought about by altering arterial PCO~ or by brief periods of severe hypoxia (7) correlated closely with changes in cortical fluid pH. In addition, direct alterations of the pH of perivascular fluid can affect the caliber of pial vessels (46). On the other hand, sustained hyperventilation induced an increase in cerebrospinal fluid pH associated with a fall in cerebral blood flow during the First half hour (3 1). Thereafter, the pH gradually fell without a concomitant increase in cerebral blood flow. In fact, cerebral blood flow continued to decrease. This secondary decrease in pH (0.08 U) would be expected to increase cerebral blood flow by 20 %. In dogs, with prolonged or repeated reductions of brain perfusion pressure, cerebrospinal fluid hydrogen ion concentrations always increased (30). H owever, when perfusion pressure was returned to normal levels, the elevated lactic acid in the cerebrospinal fluid outlasted the reactive hyperemia by several hours (30). In the monkey, reduction of arterial pressure within the range of perfect autoregulation (115 to 7 1 mmHg) did not cause a reduction in CSF pH (2). Similarly, in the rat, reduction of systemic arterial pressure from 132 to 45 mmHg was not associated with a decrease of either the CSF or the intracellular pH ( 12). Schmidt et al. (42) suggested that regulation of cerebral blood flow most probably is "achieved by summation of all of the vasodilator products of metabolism . . . and that no one agent should be singled out as being solely responsible. " Adenosine has recently been added to the list of vasodilator products of brain metabolism and has been suggested as a regulator of cerebral blood flow (6). The present study shows that brain adenosine levels decrease when the independent variable (either arterial pressure, PO 2, or Pco 2) is increased (Figs. 1-3) . However, an increase in arterial
Par from its normal value to that obtained by respiring animals with 30 % 0 2 (which does not cause a change in vascular resistance) did not reduce adenosine levels below controls (Fig. 2) . Increases in arterial pressure above normal induce a proportional increase in vascular resistance, and it remains to be elucidated if adenosine levels decrease below control levels or remain constant with increased perfusion pressure.
If adenosine levels were unchanged, then constancy of brain blood flow in the face of perfusion pressures greater than normal could be attributed to metabolites other than Hf or adenosine or possibly to a myogenic response.
If adenosine were involved in the control of the cerebral vasculature, a correlation would be expected between the cerebral adenosine concentration and either the blood flow, the vascular conductance, or the oxygen supply (flow X Oz/ml blood), ) h h w ic in turn are all a function of vascular smooth muscle tone. The three curves obtained for cerebral blood flow (or vascular conductance) when either the arterial pressure, arterial PO z3 or PCO~ was independently varied (19, 20, 30, 38) 
however, in the case of brain adenosine levels they are similar (Figs. l-3 ). Therefore, it is not possible to establish a unique correlation between either cerebral blood flow or vascular conductance and cerebral adenosine levels. However, with respect to oxygen supply the three curves (when either arterial pressure, PO 2, or Pcof was independently varied) follow the same trend : oxygen supply increases as the independent variable increases. Thus, an inverse correlation exists between oxygen supply and adenosine levels. However, the curve(s) relating oxygen supply and adenosine have to be defined between limits. For instance, in the cases in which arterial pressure and POT are varied, the oxygen supply starts at zero and terminates at a fixed value, since further increases in aortic pressure or Po2 above their normal values do not cause any greater increase in cerebral blood flow or blood oxygen content. With either decreases or increases in Pcoz, the limits of oxygen supply are about 0.6 times normal to 2 times normal (20), respectively, and these limits are associated with levels of adenosine higher and lower than control (Fig. 3) . The representation of the relation between brain adenosine and oxygen supply most probably will be a family of curves. The configuration of a given curve would probably depend on the means of changing oxygen supply and the degree of interplay of other factors such as H+, K+, osmolality, and rnyogenic and neurogenic factors. Coupling between cerebral metabolism and blood @.t~: a unifying hyj9othesis. The parallelism observed between the changes in adenosine, lactate, and pyruvate levels is in accordance with the idea that a common mechanism controls their produc Con. This mechanism may be the bal-ante of adenine nucleotides, as revealed by in vitro studies with 5'-nucleotidase and several glycolytic enzymes (3, 26, 45 (Table  1) is caused by a disproportionate increase in blood flow. Hence, brain adenosine levels appear to change inversely with the 02 supply and directly with the 02 consumption.
Thus adenosine in the brain may function as an error signal to indicate the amount of oxygen required by the organ as has been proposed for the heart (4, 39).
Xelationshi~ betu.mn adenosine and CAMP in situ. Incubation of cerebral cortical slices in a medium containing adenosine at a concentration of about 100 nmol/ml caused a 30-fold increase in CAMP levels (41, 44) Furthermore, electrical stimulation of rat cortical slices and of mouse brain in situ also elevated the CAMP levels, and th .is increase was attribl lted to production of adenosin .e (40). However, in this study (40) d a enosine levels were not measured.
Although we observed a positive correlation between brain CAMP and adenosine levels, a lo-fold increase in adenosine was associated with only a 0.4 nmol/g increase of CAMP (80 oi' increase above control values), and 100 nmoljg of adenosine were associated with a two-to threefold increase in CAMP. There is an obvious numerical discrepancy between our observation and those in brain slices, which could be attributed to differences in experimental protocol. However, it is possible that in the case of the slices, addition of adenosine to the bath caused the adenosine concentration within the slice to rise above that in the medium because the tissue also produces adenosinc.
If this were the case, these elevated adenosine concentrations are not reached under physiological conditions, and it remains to be elucidated whether the small changes in CAMP associated with the physiological changes of adenosine are of functional significance. 
